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Abstract 
Climate change issues have a significant impact on our environment. In this paper, development and use of innovative green technology 
products to meet the current pressing geo environmental challenges are presented. The environments addressed include contaminated 
water streams, landfills, challenging foundations, recycling wastes, highway slope failures and manufactured aggregates.  Green technol-
ogy develops and supports a strategy to address sustainability in the environment. 
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1. Introduction 
Built environment, is in fact a dynamic interface between human society and ecosystem, must therefore consider 
infrastructure building that is necessarily sustainable, efficient and effective. It can either encourage or hinder the emergence 
of social capital. Towns and cities need to be planned so that they are economically efficient, socially inclusive and 
eneration promotes 
desirable management behavior and urban waste avoidance. Today environmental pollution in air, soil and water is one of 
the critical environmental problems. This paper presents a portfolio of new ideas, new tools and new data to contribute 
towards achieving a better quality of our environment. 
2. Geo-environmental Challenges 
2.1 Water Body Pollution 
Heavy metal pollution has become one of the most serious environmental problems because of their toxicity [1]. Heavy 
metals from industrial and human activities cannot be destroyed nor do they degrade but will be persistent in all parts of the 
environment [2].  
Throughout the world, subsurface contamination has become a widespread and pervasive problem. Toxic chemicals 
such as heavy metals and organic compounds are commonly used in a myriad of different industries. However, largely 
through inadvertent or accidental release, these chemicals are presently polluting sites across the nation. In order to protect 
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public health and the environment, further pollution must be prevented, and sites with existing contamination urgently need 
remediation. Unfortunately, remediating subsurface contamination has proved to be a daunting task. Heavy metals and or-
ganic compounds often coexist, and their distribution within the subsurface is highly dependent on particle and macro-scale 
heterogeneities. Vast amounts of resources have been invested to develop efficient remediation technologies, yet very few 
have been successful. High concentration of heavy metals will become a threat to quality of human life and pose an envi-
ronment health issues.  It is because large quantities of heavy metal in the human body can be toxic and poisonous [3]. Envi-
ronmental contamination or exposure to heavy metals such as chromium, cadmium, lead, zinc, nickel, mercury, and manga-
nese in high concentrations can cause kidney damage, anaemia in low doses and liver damage [3]. The concentrations of 
heavy metal often exceed the permissible levels normally found in soil, water and sediments. Table 1 shows the adverse 
effects of heavy metal on human health [4]. The heavy metal ions have to be treated to reduce the amount of these metals 
from effluents to a permissible limit before the wastewater is discharged to the receiving environment. In-situ remediation is 
often preferred due to less site disturbance, safety, simplicity and cost-effectiveness. 
Various conventional methods have been used to remove heavy metal in wastewater. However, these methods have 
some limitations such as high operation costs and they are not environmentally friendly because they increase the volume of 
chemical and biological sludge due to the additional chemicals in the treatment [5]. Studies on the treatment of effluents 
bearing heavy metals have revealed that adsorption to be a highly effective technique for the removal of heavy metal from 
waste stream. Bio sorption process has distinct advantages over conventional method such as low operation cost and no 
sludge generation [5].  
Table 1. Type Of Heavy Metals And Their Effect On Human Health [4] 
 
Pollutant  Major source  Effect on human 
health 
Permissible 
level (ppm) 
Arsenic  Pesticides, fungicides, 
metal smelters 
Bronchitis, dermatitis 0.002 
Cadmium Welding, electroplat-
ing, pesticide, fertil-
izer CdNi batteries, 
nuclear fission plan 
Kidney damage, 
bronchitis, gastroin-
testinal disorder, bone 
marrow, cancer 
0.006 
Lead Paint, pesticide, smok-
ing, automobile emis-
sion, mining, burning 
of coal 
Liver, kidney, gastro-
intestinal damage, 
mental retardation in 
children 
0.1 
Zinc  Refineries, brass 
manufacture, metal 
plating, plumbing 
Zinc fumes have 
erosive affect on skin 
cause damage to 
nervous membrane 
15 
 
2.2  Problematic Foundation Soils 
 
Civil engineering industry has indelibly set its footprint to control, modify and dominate the eco system on all develop-
ment projects ranging from road networks to residential property development, engineered landfills to renewable energy 
initiatives and alike. Rapid pace of infrastructure development is seeing Malaysia and many other parts of the world facing 
decreasing ar e-
come a viable construction site for economic reasons. Although peat is problematic in construction engineering, it is a much 
desired soil in horticulture and agriculture. 3.0 million hectares or 8% of land in Malaysia is covered with peat [6]. Sarawak 
constitute the largest peat area with 1, 657 600 sq. km make up 13% of the state, of which about 90% is more than 1m in 
depth.  Most notable are the large peat land on the islands of Borneo (belonging to Indonesia, Malaysia and Brunei) and 
Sumatra (Indonesia). However, there are also significant occurrences in other parts of Indonesia, Malaysia, Vietnam, Thai-
land and the Philippines. Peat soil is usually found in the river valley and estuaries. 
Stability of infrastructure development on peat is a challenging problem which is mostly a consequence from settlement 
leading to failure. Therefore, all development projects require a specific construction method when dealing with peat. Many 
structures built on peat ground suffer failure. Figure 1 shows the ground surrounding one of the houses in Sibu that settled a 
year after completion of construction. While Figures 2 (a) and (b) show the differential peat subsidence beneath a structure 
and by the side of it. The prime factor contributing to the subsidence was the fluctuation of ground water level. During the 
rainy period (October to January), the water table is very high and from January to September the water table drops by more 
than 0.6m from ground level. This causes the oxidation of peat and lead to the humification and shrinking [7]. 
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           Fig .1. House in Sibu that settled a year after completion of the construction 
 
 
              
               (a) 
 
 
 
                                 (b) 
 
              Fig .2. Peat subsidence in Parit Nipah, Johor 
 
2.3 Erosion and Sediment Problem  
Erosion causes weathered soil particles to be transported by process such as wind, water or snow. The eroded soil parti-
cles will then be transported and deposited at other locations. Moreover, erosion process may occur over variable distances; 
small or large. Meanwhile, sedimentation by definition is the deposition and transportation process of the sediments. Exces-
sive erosion is the cause of desertification and land degradation. The rate of erosion will be accelerated due to increase in 
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human activities such as agriculture, deforestation and construction. According to ISRIC, land degradation affects 1 billion 
people especially in the third world countries and it cause loss of 30 billion annually. 
The rate of erosion depends on several factors such as vegetative cover, rainfall intensity, topography and type of soil.  
In order to control the erosion process, proper understanding of the factors is needed as erosion problems may differ from 
each location. Figure 3 shows the global land degradation including erosion. Erosion and sedimentation causes a significant 
impact on maintenance of storm water system and water treatment due to cloudiness of water or turbidity resulting from the 
water borne sediments. Decrease in water quality, thus additional costs are needed to filter out the sediments to produce 
cleaner and drinkable water. Moreover, sediments also caused clogging of pipes, culverts and ditches which will then re-
quire filtration of sediments particles. 
 
 
 
 
             Fig .3. Global land degradation according to GLOSAD  estimation. [8] 
 
There are also significant problems related to the environment as erosion and sediments are also a cause for increased 
flood hazards as the sediments deposit at the river bed and consequently decrease the amount of water carrying capacity that 
the river can holds. Moreover, it also disrupts the aquatic ecosystem because many fish are destroyed due to the clogging of 
their gills by sediments. Also, there is growth in river pollution due to erosion as dangerous chemicals and materials may be 
carried away from construction sites into the rivers. 
2.4 Indiscriminate Use of Natural Resources  
The natural degradation of soil and natural resources is further exacerbated by the indiscriminate quarrying of natural re-
sources such as rock, essential constituent in concrete, road surfacing and road bases or petroleum obtain from subsurface 
reservoirs. Extraction of such natural resources is central to the debate on sustinability, which is equivocally defined as  
meeting the needs of the present without compromising the ability of future generations to meet their own needs  
Sustainable land-use initiative is an umbrella title under which zero carbon land-use, biodiversity conservation, soil 
management, woodland management and crafts, water management, composting, reconnecting with nature, sustainable ag-
riculture, environmental economics, land rights and other factor that help a worthwhile perception of land and the landscape 
[10]. Human behaviour within the landscape is determined by their way of life and upbringing and these needs to be revis-
ited within the initiative. Human impact on environment can be mathematically represented by the PAT formula; 
I = P x A x T                                                                                   (1) 
 
Where I is environment impact, P the population, A, the affluence and T the technology. 
 
The UK Government has for sometime been concerned about the sustainability of mineral extraction and carefully 
monitors the amount of aggregate that is used and its sources. Table 2 shows the likely quantity of aggregate to be used in 
England until the year 2016. The table 2 shows how alternative materials are becoming a very significant contributor to the 
overall aggregate requirements [11]. The UK Government is also acutely aware of how the aggregate extraction industry is 
viewed by the public. It has therefore undertaken research to assess how much the public are willing to pay to reduce sig-
nificantly the environmental effects of quarrying. 
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Table 2. National And Regional Guidelines For Aggregates  Provision Ib England, 2001  2016 (Million Tonnes) (Source: Office Of The Deputy 
Prime Minister, 2003) 
 
  Guidelines for land-won 
production 
Assumptions 
New Re-
gions 
Land-won 
Sand & 
Gravel 
Land-won 
Crushed 
Rock 
Marine 
Sand & 
Gravel 
Alternative 
Materials 
Net Im-
ports to 
England 
South East 
England 
212 35 120 118 85 
London 19 0 53 82 6 
East of 
England 
256 8 32 110 8 
East Mid-
lands 
165 523 0 95 0 
West Mid-
lands 
162 93 0 88 16 
South West 106 453 9 121 4 
North West 55 167 4 101 50 
Yorkshire 
& the 
Humber 
73 220 3 128 0 
North East 20 119 9 76 0 
England 1068 1618 230 919 169 
 
A further example of narrow thinking leading humanity astray is with regard to the exploitation of the fossil fuels. Most 
people now recognize that the elevated level of carbon dioxide in the atmosphere arises from burning fossil fuels.  One 
might argue that the conventional nuclear power which has zero carbon emissions is a rational policy option. These option 
plays down the long term risks and liabilities, while focusing on the issue of reducing carbon emissions, and thereby deflect 
effort, attention and investment away from finding a real solution.  
 
2.5 Household and Industrial Waste 
Waste consortia worldwide are desperately aiming to address the issues of industrial and domestic waste management in 
urban environments with particular emphasis on the technical, social and economic constraints and opportunities. Demoli-
tion waste around the cities is not only a serious threat to the environment and underground water sanitation but presents 
unsightly waste accumulations that can be recycled to produce clinker bricks and crusher run material for ground stabilisa-
tion. Industrial waste and pollutants are further environmental hazards as descried in a previous section. 
Current collection and disposal operations for household and bulky waste in developing countries are often not conducive 
route are related to their affluence, and the proximity to a Household Waste Recycling Centre. 
Contaminated lands are widespread and pervasive problems throughout the world. Sustainable Environmental technolo-
gies need to be incorporated in waste management practice, particularly in developing countries where labour costs are rela-
tively modest so that realistic recycling goals are achieved to implement fully the solid waste handling. Apart from unac-
ceptable practices such as illicit waste dumping into water or old quarries, feeding the hogs, recycling and incineration, 
landfills are historically the most popular technique for waste disposal. Regrettably, illicit waste dumps such as at Ampar 
Tenang, (see Figure 4) become a gold mine to prospectors keen to mine such dumps for valuable recyclables such as metals, 
Waste Management has not approved any of the proposals on landfill mining that have been presented due to the non sub-
mission of the necessary detailed studies. 
Furthermore, the press article highlighted the controversial plans for old landfills finding new uses as development sites 
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and the associated recent wanton disposal of waste from dumps such as Kelana Jaya dump to the fill huge pits near property 
development sites. Despite general sentiments against building on old landfills, developments continue. Projects on the Ke-
lana Jaya dumpsite have apparently received approval and the garbage dump has been divided and the contaminated land 
sold to different developers. Old landfills still come under local authority scrutiny, pending the enforcement of the Solid 
Waste Management and Public Cleansing Act 2007 scheduled now after numerous postponements for September 2011. 
ldings and human habitation on dumping 
grounds are high: these dumps can leak foul leachate as well as combustible gases for years as the waste slowly decays. And 
as the decomposition gradually shrinks the waste volume, the land will sink. If you build houses on landfills, it might be all 
right for the first three or four years, but after that the land will start to sink and you get methane released. 
 
 
   Fig. 4. Ampar Tenang Landfill Site 
 
Table 3 is a comparison of the compositions of the Municipal Solid Waste in US with that of Malaysia. It is seen that 
proportion of food waste and plastics in the Municipal waste is over 300% and 100% more respectively in Malaysia than in 
US. 
Table 3. Typical  Municipal Solid Waste Compositions 
 
MATERIAL USEPA  (2003) MALAYSIA 
FOOD WASTE 11.7% 45% 
PLASTICS 11.3% 24.2% 
PAPER 35.2% 7% 
METAL 8% 6% 
GLASS 5.3% 3% 
OTHER 28.5% 14.8% 
 
3. Green Technology- Products & Methodology 
3.1 Tilapia Fish Scale as Biosorbent to Remove Heavy Metal 
Recently, sustainable biotreatment should be adopted using biosorption to remove heavy metal with low cost biomate-
rials such as naturally abundant or waste biomass. One of the waste materials that used to remove heavy metal is tilapia fish 
scale, it is a new biosorption approach to remove metal from synthetic wastewater. Study by Ismail has reported that tilapia 
fish scale can used to remove heavy metal in synthetic wastewater [13]. Figures 5(a), 6(a) and 7(a) show zinc uptake with 
fish scale by differences parameters. While Figures 5(b), 6(b) and 7(b) show percentage removal of Zn(II) using tilapia fish 
scale by effect of pH, fish scale amount and contact time. The results showed fish scales play a role in the absorption, where 
the percentage of zinc removal increased with increased the pH. Fish scale amount and contact time.  Table 2 shows the zinc 
removal under optimum condition. The potential of tilapia fish scale to remove heavy metal have proven by A. El-Sheikh, & 
J. A. Sweileh, [9] and N. Othman, & mM. I. Juki, [12]. 
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(a)              (b) 
 
 
 
Fig. 5.  (a) Effect of pH level on capacity of metal uptake, (b) The percentage removal of Zn(II) using tilapia fish scale by effect of pH 
 
 
 
                                                                           (a)                                                                  (b) 
 
 
 
Fig. 6. (a) Effect of fish scale amount on capacity of metal uptake, (b) The percentage removal of Zn(II) using tilapia fish scale by effect of fish scale 
amount 
 
 
(a)                        (b) 
 
Fig. 7.  a) Effect of contact time on capacity of metal uptake, (b) The percentage removal of Zn(II) using tilapia fish scale by effect of fish contact time 
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Table 4: The Optimum Condition Effect To Percentage Of Zn(Ii) 
Parameter Optimum 
value 
Metal up-
take (μg/g) 
Percentage 
removal (%) 
pH 6  
46.76 
 
93.52 Fish scale amount 0.02 g 
Contact time 3 hour 
 
3.2 Construction Method to Overcome Peat Problem 
Structures construct on peat are often affected by stability due to high compressibility, low shear strength and low per-
meability. Therefore, the load induced by the structure may results in bearing capacity failure and large deformation. Com-
mon remedial practice in such instances involves mass replacement with imported materials, deep piling, installation of ver-
tical drains, thermal precompression, laying surface reinforcement as geotextile and chemical admixture applied either as 
deep in situ mixing or surface stabiliser [13].   
oil with suitable im-
ported fill materials but this method is very expensive then soil stabilization started to popular about 40 years ago and have 
seen widely used last 20 to 25 years in alternative ways to deal with soft soil. Åhnberg et al. [14] reported that originally, 
lime was the only binder used, but in mid 1980s cement become popular method with considerably higher strength 
achieved. Comprehensive trials and field works have been carried out where cement with different industrial binders has 
been shown to improve the mechanical properties (shear strength and compressibility) but the introduction of cement to 
e 
materials like tyre chips also one of an alternative in civil engineering applications. The unique properties of tire chips such 
as strength, high frictional resistance and flexibility can be beneficial in geotechnical application. 
Failures are generally known to be the pillars of success. Classic geotechnical failures such as that of the Tacoma Nar-
rows Bridge disaster, Leaning Tower of Pisa, Highland Towers Failure etc. have all contributed sustainably valuable data on 
what went wrong and how such can be avoided. 
Bio mimicry leads to construction technologies that adopt innovative foundation such as Cakar Ayam, Cakar Itik and 
Geo Cellular Mats. Research on these are currently undergoing with views to commercialization. 
 
3.3 Geotextile as Soil Stabilizer 
 
Geotextile filter fabric is used in soil stabilization as a separator and also as reinforcement. By using this, soil erosion 
can be prevented as the underlying soil particles are retained and protected from being washed away by water. It is mainly 
used for slope, spillways and dams where erosion is a problem.  
The requirements needed for applying geotextile fabric are survivability, permeability, durability and retention. For sur-
vivability, the geotextile used must be able to withstand severe conditions such as damage before it is install. Geotextile 
fabric need to be permeable enough to allow water to pass through in order to prevent build up of pressure. For retention, 
ensure that the opening of geotextile is small to prevent migration of soil particles and geotextile fabric must be resilient for 
the entire length of the project. 
 
Steps: 
 Prepare the site before the installation according to the requirement needed for geotextile fabrics. 
 Installation of fabrics. 
- Cover the area needed with the fabrics 
- Make sure that the fabrics have enough space for stretching, thus do not pull the fabric too tight. 
- Replace the areas that are torn with new geotextile to prevent leakage. 
- The fabric must be lay into its location so that its filtering properties is not reduce to silt or other particles. 
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        Fig. 8.  Installation process of geotextile fabric [17] 
 
3.4 Manufactured Aggregates 
Manufactured lightweight aggregates are a greatly needed and desired sustainable construction material. Manufactured 
aggregates have been produced for more than 70 years from such materials as clay, shale, slate and slag, and more recently 
from pulverised-fuel ash (PFA). This facility enables large-scale feasibility testing to be carried out on aggregates designed 
and manufactured using a wide variety of waste materials. Current developments in the science and technology of thermal 
processing now enable aggregates to be designed and manufactured from various combinations of resource materials, such 
as: 
 
 
 Residues from bio-degradable materials  
 Municipal solid wastes  
 Industrial and by-product ashes  
 Reclaimed argillaceous and granular materials  
 Demolition and construction-derived wastes  
 
The processing technology (Figure 9) enabled aggregate to be designed and produced to meet specific market applica-
tions thus allowing natural aggregates to be substituted by manufactured aggregates of superior technical performance at a 
competitive cost. This will significantly reduce the disposal of both hazardous and non-hazardous wastes to landfill. By us-
ing materials perceived as wastes as resources for aggregate manufacture, this project has demonstrated a sustainable waste 
management policy in support of Waste Strategy 2000 by: reducing waste to landfill and developing new waste manage-
ment techniques  
 
 Conserving non-renewable resources  
 Conserving the natural environment  
 Lowering construction costs  
 
 The gas-fired high-temperature (over 11000C) rotary Trefoil kiln is at the heart of the facility. The name Trefoil relates 
to the internal shape of the kiln, which unlike conventional cylindrical kilns is similar to a three- leaf clover. This shape, 
when rotated, allows a bed of pellets to gently cascade from leaf to leaf with every revolution of the kiln to ensure even dis-
tribution and mixing. 
 
113 Tuan Noor Hasanah Tuan Ismail et al. /  Procedia Engineering  53 ( 2013 )  104 – 115 
 
 
Fig. 9.  Properties and advantages of Manufactured Aggregate 
 
3.5 Geosynthetic Clay Liners 
 Geosynthetic clay liners (GCLs) are an innovative and sustainable construction material that has been developed over 
the last three decades. These composite matting comprise of bentonite with two covering geosynthetics. GCLs are now be-
-environmental construction 
industry. The predominant (approximately 75-90% by weight) clay mineral in bentonite is the three-layered (2:1) clay min-
eral montmorillonite[19]. High quality bentonites need to be used in the GCL manufacture. The morphology and atomic 
structure of the montmorillonite clay mineral in sodium bentonite makes it the preferred clay to be used in the manufacture 
e-
quently very low hydraulic conductivity provides the basis for the sealing medium in GCLs. The bentonite in the manufac-
tured GCLs are either in an air dried granulated / powdered form or have been factory prehydrated to a moisture content 
beyond its shrinkage limit and vacuum extruded to enhance its performance. Figure 10 demonstrates the self healing and 
superior characteristics of the prehydrated factory manufactured geosynthetic clay liner. 
 
 
 
                                                                                                (a) 
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          (b) 
          Fig. 10.  Factory Prehydrated Geosynthetic Clay Liner 
 
3.6. Construction Materials with Recycled Plastic 
 
Table 3 showed that Plastic wastes are dominant in the MSW composition ion Malaysia.  The practice of 5 Rs (Recover, 
Reduce, Refuse, Reuse and Recycle) for a sustainable environment can decrease the amount of plastic waste going into 
landfill. Promoting the collection of recyclable materials as a good social behavior is to be encouraged and taught at schools 
to enable the growing generations to think Recycle. 
4. Conclusions 
Built Environmentalists must make sustainability a key issue in their multi dimensional approach in planning 
design and construction. Geotechnical engineers as they develop their profession through research and development, must 
sustainability [18]. 
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